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ABSTRACT 



A process for modifying the static attitude characteristics of 
magnetic head suspension assemblies by applying an infra- 
red heat source to relieve stresses in specific regions of 
interest. Each assembly is tested to measure its static-roll 
attitude with respect to a datum reference plane; the mea- 
surement preferably consists of a deflection angle. If the 
deflection angle is outside the limits of a predetermined 
allowable tolerance, thereby indicating a region that requires 
subjection to a torsional stress to bring the suspension within 
tolerance, an infrared beam is applied specifically to the 
region while the load beam is held at the torsional deflected 
state. The infrared source stress relieves the load beam so 
deflected, allowing it to establish a new free state with 
minimal residual stress remaining in the material of the 
beam. The assembly is then retested and retreated, if nec- 
essary, under varying angles of torsional stress until its static 
roll characteristics fall within acceptable tolerances. An 
adaptive control algorithm may be utilized to optimize the 
process, so that successive suspension assemblies in a manu- 
facturing batch are automatically processed with progressive 
efficiency to achieve target set points. 

14 Claims, 4 Drawing Sheets 




30- 



TEST1NG 
STATION 




02/06/2004, EAST Version: 1.4.1 



U.S. Patent Dec. 31, lm sheet i of 4 5,588,200 




jEzzzzzzzzzzzzzzzzzj — 4 

Fie. 4- 

(PRIOR ART) 



02/06/2004, EAST Version: 1.4.1 



U.S. Patent Dec. 31, 1996 Sheet 2 of 4 5,588,200 




24 



FIG. 5 
(PRIOR ART) 



02/06/2004, EAST Version: 1.4.1 



U.S. Patent Dec. 31, 19% Sheet 3 of 4 5,588,200 




02/06/2004, EAST Version: 1.4.1 



U.S. Patent Dec. 31, 1996 Sheet 4 of 4 5,588,200 



INITIALIZE SUSPENSION-ASSEMBLY INDEX H) 
SET INITIAL IR EXPOSURE TIMET^ INTENSITY I=I 0 , 
AND TORSIONAL-ROTATION ANGLE A=Ag 



TEST SUSPENSION-ASSEMBLY i AND MEASURE STATIC ROLL 

ANGLE a 0 (i) 




i = i+l 



SET DIRECTION OF TORSIONAL ROTATION D DEPENDING ON 
WHETHER a,j(i) OR a,(i), AS APPLICABLE, IS POSHIVE OR 

NEGATIVE 



PERFORM STRESS RELIEVING STEP ON SUSPENSION USING IR 
EXPOSURE TIME T, INTENSITY I, ANGLE A, AND DIRECTION D 



RETEST SUSPENSION i AND MEASURE ADJUSTED STATIC 
ROLL ANGLE 0,(i) 




N 



RESET T = T + A T 
1 = 1 + Al 
A = A + AA 



FIG. 7 
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TIGHTENED DISTRIBUTION OF 
MAGNETIC-HEAD SUSPENSION-ASSEMBLY 
STATIC ROLL BY INFRARED STRESS 
RELIEF 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention is related in general to magnetic-head/ 10 
suspension-assembly apparatus operating in a floating man- 
ner relative to a magnetic disc. In particular, the invention 
consists of a novel approach for controlling production 
tolerances in the torsional characteristics of the suspension 
assemblies for magnetic heads. is 

2. Description of the Related Art 

The magnetic-head suspension assembly of a magnetic 
disk system, commonly referred to as a head gimbal assem- 
bly (HGA), operates by floating in very close proximity over ^ 
the surface of the magnetic disc, thereby accurately reading 
and writing data thereon. While the magnetic head is floating 
disposed substantially in parallel over the disc during opera- 
tion, it must be able to adjust its attitude to conform to 
magnetic-disc surface imperfections and dynamic displace- ^ 
men is, such as the surface vibrations generated by the 
rotating movement. Therefore, the torsional characteristics 
of the suspension assembly supporting the head are critical 
to the proper functioning of me apparatus and must be 
maintained within prescribed design specifications to pre- 3Q 
vent contact with the disc surface and avoid disabling 
consequences resulting therefrom. 

FIG. 1 shows in perspective view a conventional head 
gimbal assembly 2 positioned over a magnetic disc 4 for 
illustration. The HGA 2 consists of a slider 6 mounted on a 35 
gimbal 8 which is either integral with or rigidly connected 
to a load beam 10 that comprises a pre-load region 12 and 
formed rails 22 that provide rigidity to the assembly. The 
combined gimbal and load beam, which constitute the 
suspension 11, support the slider portion of the head gimbal 40 
assembly. The suspension is in turn attached to a driving 
mechanism (not shown) by means of a screw or sewage 
mount 14. In operation, the suspension 11 is moved by the 
driving mechanism along the radius of the magnetic disc 4 
(arrows Al) so that the slider 6 may be placed rapidly over 45 
the appropriate read/write tracks in circumferential direction 
with respect thereto as the disc is rotated in the direction of 
arrow A2. 

For ease of description, the radial, tangential and vertical 
directions with respect to the surface of disc 4 are referenced 50 
in the figures by x, y and 2 coordinates, respectively. Thus, 
the magnetic head slider 6 is supported by the gimbal 8 for 
controlling pitching and rolling movements as the slider's 
position changes in the radial (x axis) and circumferential (y 
axis) directions of the magnetic disc 4. FIG. 2 illustrates in 55 
exploded perspective view the essential portions of conven- 
tional prior-art magnetic-head supporting apparatus. As also 
shown in the partial cross-section of FIG. 3, die slider 6 is 
attached to a gimbal tongue 42 of the gimbal 8, while the 
load beam 10 is attached to the outer frame of the gimbal 8 60 
by means of a tap at 44. The tongue 42 has a preformed angle 
and twist and comprises a convex dimple 46 adapted to pivot 
freely on an area 48 of the surface of the load beam 10. Thus, 
as the magnetic head floats during operation, the dimple 46 
pivots freely at the point of contact 48 with the load beam 65 
10 in the pitch and roll moments of rotation. When the 
magnetic disc is rotated, an air spring is created by the air 



flowing between the surface of the-disc and the rails 16 in the 
magnetic head slider 6, and the torsional characteristics 
(roll) of the suspension 11 must be such that the slider 
maintains its dynamic attitude through surface imperfections 
and vibrations of the rotating disc. 

As magnetic recording technologies evolve, progressive 
rniniaturization of head gimbal assembly components cre- 
ates critical challenges. One is the tolerance control on the 
static attitude parameters of the suspension as the slider size 
is reduced. In fact, as the slider becomes smaller, the 
narrower width between its rails results in smaller differen- 
tial pressure profiles that result in head gimbal assemblies 
having flying roll characteristics closely correlated to their 
static roll attributes. Accordingly, flying attitude character- 
istics may be predicted well by testing the static attitude of 
the suspension under controlled conditions. 

Thus, in order to ensure the desired dynamic performance 
of the suspension (pitch, roll and resonance characteristics), 
each component of the assembly is manufactured according 
to specific design specifications and is bench tested for 
predetermined static parameters. The static attitude of each 
suspension U is measured and compared to allowable 
tolerances. As can be easily understood with reference to the 
simplified schematic view of FIG. 4 , the static attitude is 
measured at the mounting surface of the gimbal tongue 42 
and consists simply of an angle with respect to a reference 
datum parallel to the disc surface, such as the static angle a 
between the plane of the gimbal tongue 42 and a plane D 
parallel to the surface of the disc 4. If the measurement is 
outside the target tolerance for the suspension, the suspen- 
sion is either discarded or adjusted by bending the load 
beams in the appropriate direction relative to the desired 
zero datum reference to modify the static characteristics of 
the suspension. 

Several techniques are used in the industry to modify the 
static attitude characteristics of suspensions resulting from 
load-beam and gimbal forming imperfections. All such 
techniques utilize a cold-working type of manual, semi- 
automated, or fully automated bending process that deflects 
the beam beyond the yield point of the structure, thereby 
introducing residual stresses mat affect the dynamic load and 
resonance performance of the suspension. While one param- 
eter may be improved by the bending operation, another may 
be detrimentally affected beyond acceptable tolerances. 

Therefore, there still exists a need for an improved 
method of modifying the static attitude and attendant roll 
characteristics of head gimbal assemblies without affecting 
their structural integrity and other performance parameters, 
such as the critical gram load and resonance performance of 
the assembly. This invention is directed at such a quality 
control process. 

BRIEF SUMMARY OF THE INVENTION 

One primary objective of this invention is a process for 
modifying the static attitude characteristics of a magnetic 
disc drive suspension assembly in such a manner that no 
stress isjnduced on the pre-load re g ion .oLthe^s uspensioh, 
thereb YTavolc^ gram load-or^ the 

resonance performance characteristics of the suspension . 

Another important goal of the invention is a process that 
is able to affect thejtato^ttimde.of.the_assemblyjwhfl 
structure is maintained w ithin Jts_elastic region, thereby 
ensurin g th at no cold workin g of the suspension is incurred. 

Yet another goal is a process that makes it possible to 
selectively pin point the area of the suspension to be 
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subjected to corrective deformation to ensure that it is 
restricted to portions of the load beam that prevent deterio- 
ration of the critical gram load setting or the resonance 
performance attributes of the suspension. 

Finally, an objective of this invention is a process that can 5 
be implemented in an economical and commercially viable 
manner utilizing tools and instrumentation that are either 
already commercially available or can be constructed at 
reasonable cost. 

Therefore, according to these and other objectives, the 10 
present invention consists of a process for modifying the 
static attitude characteristics of magnetic head suspensions 
by applying an infrared heat source to relieve stresses in 
specific regions of interest. Each head gimbal assembly is 
tested to measure its static-roll attitude with respect to a 15 
datum reference plane; the measurement preferably consists 
of a deflection angle. If the deflection angle is outside the 
limits of a predetermined allowable tolerance, thereby indi- 
cating a region that requires subjection to a torsional stress 
to bring the suspension within tolerance, an infrared beam is ^ 
applied specifically to the region while the load beam is held 
at the torsional deflected state. The infrared source stress 
relieves the load beam so deflected, allowing it to establish 
a new free state with minimal residual stress remaining in 
the material of the beam. The assembly is then retested and 25 
retreated, if necessary, until its static roll characteristics fall 
within acceptable tolerances. An adaptive control algorithm 
may be utilized to optimize the process, so that successive 
suspension assemblies in a manufacturing batch are auto- 
matically modified with progressive efficiency to achieve ^ 
target set points. 

Various other purposes and advantages of the invention 
will become clear from its description in the specification 
that follows and from the novel features particularly pointed 
out in the appended claims. Therefore, to the accomplish- 35 
ment of the objectives described above, this invention con- 
sists of the features hereinafter illustrated in the drawings, 
fully described in the detailed description of the preferred 
embodiment and particularly pointed out in the claims. 
However, such drawings and description disclose but one of 40 
the various ways in which the invention may be practiced. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified schematic representation of a 
conventional head gimbal assembly operating on a magnetic 45 
disc. 

FIG. 2 is an exploded perspective view of the various 
components of conventional prior-art magnetic-head sup- 
porting apparatus. 

FIG. 3 is partial cross-section of FIG. 1, taken from line 50 
3—3 in that figure, to illustrate the coupling between slider 
and load beam of conventional apparatus. 

FIG. 4 is a simplified view of FIG. 3 illustrating the 
pivoting motion of the tongue of a conventional gimbal with 
respect to the magnetic disc. 55 

FIG. 5 is a plan view of a typical production fret of 
suspension assemblies. 

FIG. 6 is a schematic representation of the infrared 
stress-relief process of the invention. FIG. 7 is a flow 60 
diagram of the closed-loop, adaptive control algorithm uti- 
lized by the preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

65 

The main point of this invention is the utilization of a 
localized heat source to relieve stresses in the material 



constituting magnetic head suspension assemblies in order 
to remove non uniformities that cause unacceptable roll 
characteristics. This method eliminates the detrimental 
effects created by traditional processes of cold-working the 
suspension to deform it to produce the desired static attitude. 

The invention is described with reference to x, y and z 
orthogonal coordinates wherein x and y define a horizontal 
plane and z defines a vertical direction, but it is obvious that 
the structure and operation of the features detailed in this 
specification can be rotated in any direction with equivalent 
results. It is also understood that the sizes of the various 
components shown in the drawings are not drawn to relative 
scale because of the very small dimensions of some features 
in comparison to others illustrated in the figures; therefore, 
they are represented only schematically for illustratioa 

Referring to the drawings, wherein like parts are desig- 
nated throughout with like numerals and symbols, FIG. 5 
illustrates in plan view a typical fret 20 of suspensions 11 
produced by conventional photo-etching, forming and laser- 
welding processes. 

Each suspension 11 consists of a metal portion that is 
formed from a very thin (in the order of 0.05 mm) metal 
sheet of homogeneous physical structure, thereby producing 
suspensions (and load beams) expected to_haye_ uniform 
t orsiona1_c haracteristics. JThe suspensions are also strategi- 
cally punched o r etched to produce desired dynamic 
responses to forces that cause flexure, and rigid structural 
rails 22 are typically formed in the suspension to provide 
support according to predetermined design criteria. As well 
understood by those skilled in the art, tooling holes 24 are 
also provided for alignment during testing and during vari- 
ous phases of production. Because of the homogeneous 
material from which the suspensions are constructed and the 
uniform manufacturing process to which they are subjected, 
the torsional characteristics of individual load beams are 
found to vary little within each fret and between different 
frets produced from the same batch of metal sheet Ther e- 
fore, corrective actions to modify the stati c roll character- 
istics of a given suspension in a fret may be based reliably 
on test me asu rements fro rg ja nother suspension in the same 
batch of frets tested and processed at an immediat ely pre- 
ceaMgjUge.of„the^operation. 

As an intermediate step in the overall production process, 
the static attitude parameters of a representative percentage 
of the suspensions is measured for quality control and 
analyzed with respect to target tolerances. Typically, semi- 
automatic or automatic equipment in the production line 
sequentially tests these sample suspension U by measuring 
the static roll of the suspension with respect to a datum plane 
parallel to the intended attitude of the suspension. In prac- 
tice, the elevation at three or more points on the gimbal 
tongue 42 in a suspension is measured with respect to a 
common reference plane and any difference in measure- 
ments is translated into an angle of static deflection or roll 
by applying simple principles of trigonometry. If the static 
roll so measured is within design tolerances, the suspension 
proceeds to the next step of manufacture; otherwise, the 
product is either discarded or passed through a bending tool 
and subjected to a cold deformation designed to adjust its 
static roll characteristics to the desired parameters. As 
explained above, because of its cold-working feature, this 
procedure has the disadvantage of introducing undesirable 
stresses in the material that often result in unacceptable 
dynamic response characteristics. 

FIG. 6 is a schematic representation of the method of the 
present invention, which, ra ther than rel ying on mec hanical 
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beading to adjust the static attitude of the suspension 11 , 
utilizes a heat source focussed on a specificjarget on a loa d 
beam as required to release the mechanical stresses tha t 
pause such ott-specincation characteristics. It is noted that 
the same criteria known to those skilled in the art for 
choosing the parameters for^corro^ng^the.static.rolLand 
pitch characteristics of a suspension by cold- work bendin g, 
such as the specific portion oi the beam over which to ap ply 
the bending force and the amount of force to exert, are al so 
applicable for the localized stress-relief process of th is 
inv ention. 1 heretore, they are not explained in detail in th is 
disclosure. 

In practice, when a unitary suspension 11 in a fret 20 is 
found to be outside acceptable tolerances (that is, its static 
roll angle is greater than an acceptable maximum deviation), 
in the prior-art procedure it is bent by an arbitrary amount 
based on experience and is retested to check the result 
produced. Based on this test, the area of application and the 
force exerted on the next load beam being processed are 
adjusted to progressively improve the control parameters 
used in the process. Similarly, in the method of the invention 
shown in FIG. 6, the static roll angle of each suspension 11 
is tested in a testing station 30 wherein a precise position 
indicator, such as a vision system utilizing 256-Ievel digital 
image processing for focus measure of z heights, is used to 25 
measure the position of each gjmbal tongue 42 in a suspen- 
sion 11 to determine its static roll angle a with respect to a 
zero-roll plane. The angle a is then compared to a target 
parameter or tolerance c in a comparator 32 to produce an 
error or deviation E. If the error E indicates that the angle a 30 
exceeds the target tolerance c, the load beam is flexed 
mechanically by a rotational tool 33 capable of clamping the 
suspension 11 and twisting it to produce a zero-roll attitude 
with respect to the zero datum created by a clamping tool 35. 
This tool is adapted to alternately clamp and release each 35 
load beam as indicated by arrow AS; while clamped, the load 
beam is held flat at a point just forward of the pre-toad region 
12. The tool 33 may, for example, be retractable and adapted 
to move in and out longitudinally in order to clamp and 
release a suspension being processed, as indicated by arrow 40 
A3; and adapted for radial rotation to impart a rolling twist 
to the suspension, as indicated by arrow A4. While in this 
flexed position, the beam is subjected to a flux of thermal 
energy 34 from a heat source 36, such as an infra-red beam, 
directed to a specific target area 38 in the load beam and 45 
designed to relieve the stress in the material that caused the 
initial roll, so as to correct the beam's attitude. A micropro- 
cessor 40 may be utilized to control the heat source's 
processing time T and the amount of torsional rotation A of 
the suspension during the stress-relief step as a function of 50 
the error E according to conventional computer modeling 
and control techniques. The treated suspension may then be 
tested again and, if necessary, subjected to a similar treat- 
ment to adjust any residual off-specification static roll char- 
acteristic. Once a suspension is found to possess static 55 
attitude parameters within predetermined tolerances, it is 
released down the processing line and the next suspension is 
tested and treated. Notice that all of these steps, from initial 
testing to release, are preferably performed sequentially on 
a given suspension at multiple processing stations that #) 
include steps referred to in the art as measure, roll adjust, 
re- measure, and identify for process continuation or second- 
ary adjust 

In the preferred embodiment of the invention, a closed- 
loop adaptive control system is utilized to optimize the 65 
operation of an infra-red heat source while each suspension 
11 in a fret 20 is being sequentially tested and processed As 



mentioned above, inasmuch as all beams in a fret are 
manufactured from the same metal plate, as well as being 
formed in progressive dies, they are likely to possess similar 
static roll and pitch characteristics and defects. Therefore, 
any parameter information learned from the testing of a 
suspension 11 on a fret may be used to adjust the process 
parameters applied to. treat a subsequent suspension in the 
same batch. Thus, as illustrated for example in the flow chart 
of FIG. 7, initial control parameters for the stress-relief 
process are chosen and recorded for the first suspension 
treated in a fret or batch of frets. Such parameters may be, 
for example, an infrared exposure time T a at a beam inten- 
sity l 0 and an angle of torsional rotation A 0 to be imparted 
to the load beam. These parameters are then updated for each 
subsequent suspension in the fret as a function of the static 
roll angle omeasured for the last beam processed according 
to a predetermined control strategy. For example, if the 
last-measured angle a is within an allowable tolerance e, the 
exposure time and angle of torsional rotation may be set to 
minimum levels (e.g., Z0 seconds and 5 degrees), such that 
the heat source 36 is activated only minimally when a 
subsequent load beam is tested with a static roll greater than 
the allowed tolerance e. Instead, if the last-measured angle 
a is still outside the allowable tolerance e, then the exposure 
time and angle of torsional rotation may incrementally be set 
to greater levels (e.g., 3.5 sec. and 10 degrees) until the static 
roll is reduced to an acceptable level. Using arbitrary logic 
derived from empirical experimentation, the experience of 
the cumulative stress-relief times and varied angular rota- 
tions found to be necessary to reduce the static roll of a given 
suspension to acceptable levels may then be used to calcu- 
late a new stress-relief time T and angular rotation A for 
subsequent suspensions. In practice, the beam intensity \ Q is 
predetermined by the specifications of the heat source 36 
and is not changed during operation, although it could be 
used as an additional control parameter. These set param- 
eters are then maintained constant for subsequent suspen- 
sions until one is again tested off-specification. When that 
occurs, the procedure is repeated to find new parameters for 
the algorithm and adapt it to correct the static roll charac- 
teristics of the new batch of suspensions. 

As those skilled in the art understand, it is noted that the 
stress-relief process of this invention is preferably directed 
only to relatively rigid portions of the structure constituting 
the load beams of the suspension, so that the pitch and 
resonance characteristics of the suspension are not affected. 
At each stage of the process, the direction of the torsional 
rotation is selected as a function of the direction of the static 
roll angle a measured by the test. That is, while a positive 
test measurement a, may require counterclockwise rotation 
to a predetermined angular torque in the load beam, a 
negative measurement -c^ would require treatment with a 
symmetrically opposite direction of rotation (ie., clock- 
wise). 

Various changes in the details, steps and components that 
have been described may be made by those skilled in the art 
within the principles and scope of the invention herein 
illustrated and defined in the appended claims. Therefore, 
while the present invention has been shown and described 
herein in what is believed to be the most practical and 
preferred embodiments, it is recognized that departures can 
be made therefrom within the scope of the invention, which 
is not to be limited to the details disclosed herein but is to 
be accorded the full scope of the claims so as to embrace any 
and all equivalent processes and products. 
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1 claim: 

1. In a manufacturing process for a magnetic head sus- 
pension assembly having a head slider mounted on a metal- 
lic suspension intended for read/write application in very 
close proximity over a surface of a magnetic disc, a method 
for adjusting statics roll characteristics of said suspension 
assembly to conform to a predetermined parameter, wherein 
said static roll characteristics are measured by at least one 
deformation parameter indicative of the suspension assem- 
bly's static roll attitude, the process comprising the follow- 
ing steps: 

(a) flexing said suspension assembly to a predetermined 
degree of deformation to cause said at least one defor- 
mation parameter indicative of the suspension assem- 
bly's static roll attitude to conform to said predeter- 
mined parameter, and 

(b) while the suspension assembly is in such flexed state, 
applying a beam of thermal energy to a predetermined 
target area in the suspension assembly for a predeter- 
mined time to relieve stresses in the suspension assem- 
bly so as to cause said at least one deformation param- 
eter to conform to said predetermined parameters while 
the suspension assembly is in a tree state. 

2. The process of claim 1, wherein said beam of thermal 
energy consists of an infrared beam. 

3. The process of claim 1, wherein said at least one 
deformation parameter consists of a static roll angle mea- 
sured with reference to said magnetic disc. 

4. The process of claim 2, wherein said at least one 
deformation parameter consists of a static roll angle mea- 
sured with reference to said magnetic disc. 

5. The process of claim 3, wherein said static roll angle is 
measured with respect to a plane parallel to the surface of 
said disc. 

6. The process of claim 4, wherein said static roll angle is 
measured with respect to a plane parallel to the surface of 
said disc. 
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7. The process of claim 1, wherein said step (b) comprises 
sequential steps of stress relief of the suspension assembly, 
each such step being followed by testing of the suspension 
assembly to determine whether said at least one deformation 
parameter indicative of the suspension assembly's static roll 
attitude conforms to said predetermined parameter, and steps 
of adjustment of said predetermined time of operation of the 
beam of thermal energy to iteratively cause said at least one 
deformation parameter to conform to said predetermined 
parameter. 

8. The process of claim 7, wherein said sequential steps of 
stress relief of the suspension assembly and of adjustment of 
the predetermined time of operation of the beam of thermal 
energy are controlled by means of a microprocessor. 

9. The process of claim 7, wherein said beam of thermal 
energy consists of an infrared beam. 

10. The process of claim 7, wherein said at least one 
deformation parameter consists of a static roll angle mea- 
sured with reference to said magnetic disc. 

11. The process of claim 9, wherein said at least one 
deformation parameter consists of a static roll angle mea- 
sured with reference to said magnetic disc. 

12. The process of claim 10, wherein said static roll angle 
is measured with respect to a plane parallel to the surface of 
said disc. 

13. The process of claim 11, wherein said static roll angle 
is measured with respect to a plane parallel to the surface of 
said disc. 

14. The process of claim 13, wherein said sequential steps 
of stress relief of the suspension assembly and of adjustment 
of the predetermined time of operation are controlled by 
means of a microprocessor. 
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